The latter category is usually referred to as inflation compensation because, in addition to expected inflation, such measures contain risk premiums that reflect compensation required by market participants for taking on risks associated with inflation-related outcomes. A direct reading on inflation compensation can be obtained from inflation swaps, which are liquid financial derivatives. 3 In this note, we provide a comparative analysis of inflation swaps for three advanced economies: the United States, the euro area, and the United Kingdom. 4 We consider empirical proxies for energy prices, economic activity, exchange rates, and risky asset prices as potential drivers of inflation expectations and risk premiums in a regression framework.
We find that there is a striking difference in the relationship of oil prices with medium-versus long-term inflation compensation measures. Oil prices are an important common driver of medium-term inflation compensation across all of the advanced economies in our sample. In contrast, movements in long-term measures cannot typically be attributed to changes in oil prices. Nonetheless, our rolling-sample estimates suggest that the relationship between oil prices and long-term inflation compensation measures becomes economically and statistically significant during certain times, including most of 2016. This behavior likely reflects factors such as the signal in oil prices regarding the health of the global economy and the downward pressure on inflation that cannot be easily alleviated by central banks due to the effective lower bound on interest rates. 5 The effects of economic news surprises and exchange rates on inflation compensation show significant variation across the advanced economies in our sample. The rolling-sample estimates indicate that U.S. inflation compensation measures became less sensitive to economic news and movements in the exchange value of the dollar after the Federal Reserve adopted a formal inflation target in 2012. In contrast, against the backdrop of the sovereign debt crisis, subdued growth, and a prolonged period of monetary accommodation, the euro-area measures became more sensitive to such factors in recent years despite the presence of a long-established inflation target that helps anchor expectations.
The role of inflation risk premiums increased for both the medium-and long-term inflation compensation measures after the global financial crisis. On balance, investors have been willing to pay more to insure against low inflation outcomes in an environment of subdued economic growth and highly accommodative monetary policies of advanced-economy central banks. Such considerations may have become less prevalent in investors' assessments of inflation risks in the second half of 2016 as inflation compensation measures moved up notably. Indeed, our regression analysis indicate that the reversal in inflation risk premiums played a significant role in the rise of U.S. inflation compensation over this period. In contrast, higher oil prices and an improved economic outlook predominantly account for the predicted increase for the euro-area.
Inflation Swaps
Inflation-linked bonds and inflation derivatives represent the broad class of securities where payoffs are directly affected by realized inflation. Inflation swaps make up the largest inflation derivative segment with respect to both the number of trades and notional volumes. 6 We concentrate on zero-coupon inflation swaps in our analysis because of their greater liquidity. A zero-coupon inflation swap is an instrument where two parties agree to exchange some cash flows at a specific time in the future, usually referred to as the maturity of the contract, with the notional amount specifically adjusted for inflation. The buyer pays a pre-specified rate at maturity with respect to the notional amount of the contract, whereas the seller pays the accrued inflation.
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Similar to other common forms of over-the-counter swap contracts, only net cash flows change hands at maturity-that is, the difference between the pre-specified rate and the actual inflation rate is applied to the notional contract amount to determine the exact payout.
The inflation measures underlying zero-coupon inflation swaps are generally based on nonseasonally-adjusted consumer price indexes that capture headline inflation. In particular, the Consumer Price Index for all Urban Consumers (CPI-U) for the United States, the Harmonized Index of Consumer Prices excluding tobacco (HICPx) for the euro area, and the retail price index (RPI) for the United Kingdom are used. The RPI gives a smaller weight to energy prices than CPI-U and HICPx. In addition, the U.S. dollar pricing of oil and differences in the tax systems for motor fuel between the United States and Europe may lead to different sensitivity to oil prices across the regions.
Because we aim to analyze both medium-and long-term inflation compensation dynamics, we focus on swaps with 5-and 10-year maturities, which are also typically the most actively traded contracts. We take the 5-year inflation swap rate as the medium-term measure. Our long-term measure is the 5-to 10-year-ahead inflation compensation implied by the two contracts, commonly referred to as the 5-year, 5-year forward inflation rate.
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This measure isolates transitory fluctuations in inflation, such as those driven by volatile food and energy prices; therefore, it is of particular importance to gauge whether market participants' long-term inflation expectations are anchored. Figure 1 shows the two measures at a weekly frequency from July 1, 2005 to November 25, 2016, the sample period subject to our analysis. As can be seen from the figure, inflation compensation in advanced economies registered a notable increase the second half of 2016. Nonetheless, the long-term inflation compensation measures for the United States and the euro area remain below their respective mid-2014 levels. 
Drivers of Inflation Compensation Measures
Inflation compensation measures are composed of inflation expectations and risk premiums. Expectations over short to medium horizons are largely affected by the level of economic activity, energy prices, and exchange rates, among other factors. In contrast, long-term inflation expectations are largely driven by the perceived credibility of central banks' price stability objectives. Both medium-and long-term inflation compensation are likely affected by the risk premiums that reflect either a changing probability distribution of inflation outcomes or the cost investors attach to them. We perform a regression analysis to capture these dynamics empirically with proxies for the aforementioned potential drivers.
We include four explanatory variables in our regressions. The first is the percent change in the Brent spot oil price, which constitutes a key component of energy prices. The remaining variables are all region specific. We use the change in the Citigroup Economic Surprise Index as a proxy for macroeconomic performance relative to expectations. The third variable is the percent change in a broad exchange rate index, which allows us to capture potential effects of import prices on inflation dynamics. Finally, we include the return on a broad stock market index as a measure of change in risky financial asset prices. Under the assumption that we capture variation in economic fundamentals with the first three variables, this component reflects the systemic-risk-driven part of inflation compensation, the inflation risk premium.
10 Table 1 summarizes full-sample regression results, and figures 2 through 6 show results from rolling regressions with a one-year window. The regressions have significantly more explanatory power for the medium-term measures, likely because long-term inflation expectations are better anchored (table 1). The European Central Bank and the Bank of England had inflation goals well before the start of our sample period; in contrast, the Federal Reserve adopted an inflation target in 2012. Correspondingly, the model accounts for a notably higher proportion of variation in U.S. inflation compensation measures compared with those of the euro area and United Kingdom.
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Indicators of realized inflation in advanced economies have been persistently below target levels amid a substantial drop in oil prices since mid-2014, on net, and some market participants questioned the ability of the central banks to reach their inflation targets over the medium term. Against this backdrop, the explanatory power of the regressions has been high relative to the longer-run norms for most of 2016 and has declined only recently (figure 2). 
Figure 2. Explanatory Power of Regressions
Notes: Adjusted R-squared from rolling regressions with a one-year window.
The coefficient of the oil price change is both economically and statistically significant for the medium-term measures across the advanced economies in the full-sample regressions. In particular, a 10 percent increase in the oil price predicts about a 4 to 5 basis point rise in the medium-term inflation compensation. After trending up for about two-years beginning from mid-2014, the sensitivity of the medium-term measures to the oil price declined somewhat in the second half of 2016, on net, but continues to be significant (figure 3).
As expected, movements in long-run inflation compensation cannot typically be attributed to oil price changes. However, rolling estimates have been positive and significant during most of 2016, perhaps reflecting a combination of the negative effects of lower oil prices on global demand through oil-exporting countries and the prolonged period of monetary accommodation by advanced economy central banks, which arguably left limited room for further monetary easing to combat falling inflation. Against the backdrop of higher oil prices and firming of actual inflation, the sensitivity of the long-term measures to oil price changes recently declined.
Figure 3. Oil Prices and Inflation Compensation
Notes: Black lines show point estimates for the coefficient of the return on a broad stock index, and dotted-red lines are 90 percent confidence bands based on Newey-West HAC standard errors.
The relationship between macroeconomic news and inflation compensation measures exhibit significant variation across regions and over time. On average, economic news surprises have a modest but statistically significant effect on the U.S. medium-term measure. Interestingly, following the adoption of a formal inflation target by the Federal Reserve in 2012, the coefficient declined and became statistically insignificant on net (figure 4). In contrast, although full-sample results indicate no meaningful relationship for the euro area, estimates for most of 2016 are consistent with a modest and positive effect from economic news. Moreover, even the long-term measure for the euro area became sensitive to economic news of late. A similar observation applies to the long-term inflation compensation in the United Kingdom, These results suggest an increased sensitivity of inflation compensation to macroeconomic news outside the United States, especially the euro area amid slow growth and a prolonged period of low policy rates.
Figure 4. Macroeconomic News Surprises and Inflation Compensation Measures
Other things being equal, a stronger domestic currency is expected to weigh on inflation through lower import prices.
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Consistent with this idea, the full-sample estimates of the coefficient of the broad dollar index in the medium-term inflation compensation equation is negative and statistically significant. On average, a 1 percent appreciation of the dollar is associated with a 3 basis point decrease in the medium-term inflation compensation. However, similar to the case of macroeconomic news surprises, the estimated sensitivity noticeably declined over the past five years (figure 5). Interestingly, until the adoption of a formal inflation target, the dollar had been exerting a similar effect on the long-term U.S. inflation compensation.
Figure 5. Exchange Rates and Inflation Compensation Measures
Response of inflation compensation measures to the trade-weighted exchange rates is quite different in the euro area and the United Kingdom compared with the United States. For the euro area, the effects are negligible in both the full-sample and the rolling regressions. In case of the United Kingdom, the relationship appears to be state dependent for both the medium-and longterm measures. In addition, the estimated partial effects have been small over the past few years, with relatively large confidence bands. Following the Brexit referendum, the medium-term inflation compensation became more sensitive to the exchange value of the pound, but there is significant uncertainty surrounding these estimates.
In contrast to the variables we discussed so far, the economic and statistical significance of stock returns is comparable across the medium-and long-term inflation compensation (table 1 and  figure 6 ). In general, the long-term measures are less volatile and relatively insensitive to oil prices, macroeconomic news, and exchange rates. Therefore, these results suggest that movements in risk premiums generally play a more important role in driving movements in the long-term measures. In the aftermath of the global financial crisis, the relationship between risky asset prices and inflation compensation measures economically and statistically strengthened. For the euro area and the United Kingdom, the shift is more prevalent. Moreover, it is strongest in case of the U.K. medium-term measure, explaining the small and statistically insignificant coefficient in the full-sample regression.
Figure 6. Stock Prices and Inflation Compensation Measures
The increased role of risk premiums in driving inflation compensation over the past several years is consistent with subdued economic growth and highly accommodative monetary policy stances in the advanced economies. The scope for further effective monetary easing perceived by investors seems to have declined amid the already low interest rates and large balance sheets of central banks. Accordingly, the probability investors attach to low inflation outcomes or perceived costs associated with such states of the world have been higher on average.
Recent Developments
Inflation compensation measures in advanced economies trended up, on net, in the second half of 2016 (table 2) . We take a close look at these changes in light of our regression analysis.
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Our model accounts for about half of the rise in the medium-term measures for both the United States and the euro area. However, the role of the risk premium is notably larger for the United States while the predicted rise in the euro-area measure is predominantly accounted for by the changes in economic news and oil prices. Higher oil prices can explain only a fraction of the notable increase in U.K. medium-term inflation compensation, while other predictors have no significant explanatory power.
The model-based predictions generally account for a smaller portion of the increase in the longterm measures. The anticipated increase is about a third of the actual change for the United States while it is much smaller for the euro area and the United Kingdom. Most of the predicted rise in the long-term inflation compensation in the United States is due to rising inflation risk premium. Overall, the results suggest that expectations of higher inflation that cannot be attributed to the observables in our regressions dominated the rise in long-term inflation compensation in the advanced economies over the second half of 2016, especially outside the United States. 14 13 To attribute changes to different drivers, we hold betas constant by averaging rolling coefficient estimates through the first half of 2016 and then plug in the actual changes in right-hand-side variables in the second half of the year. The change in the risk premium estimate is calculated in a CAPM framework-that is, the market beta multiplied by the change in the equity premium. The market beta of the seller's (i.e., the party who receives the fixed rate and pays actual inflation) position is appropriately scaled to take into account the duration of our medium-and long-term measures. We assume a 10-year investment horizon and a constant 10-year-ahead stock price to calculate the change in the equity premium. 14 An important caveat is that our proxy for the change in risk premiums may underestimate the changes in inflation risk premium.  JPMorgan Chase trade-weighted sterling and euro indexes.  Long-term risk-free rate: 10-year government bond yields of the United States, Germany, and the United Kingdom.
